psychological factors. 11 The DASH has been compared with and tested against other instruments specific to diseases and joints of the upper extremity and has been found to be at least as responsive (i.e., able to accurately discern different magnitudes of symptomatic/functional change) as these questionnaires. 3, 7 However, disease-specific questionnaires for conditions of the hand, such as carpal tunnel syndrome and distal radius fractures, provide improved responsiveness and correlation with symptoms when compared with the DASH.
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Therapeutic or interventional research for specific conditions such as these may, therefore, benefit from the improved responsiveness of more specific surveys. While basal joint osteoarthritis (BJA) of the thumb is the most frequently reported form of clinically impactful arthritis in the hand, and the most frequently surgically treated arthritic condition of the upper extremity, there are no commonly used and validated disease-specific questionnaires that target BJA. [12] [13] [14] Currently, DASH scores are often used to make comparisons of outcomes between surgical and nonsurgical treatments for BJA.
14 However, such scores are influenced by pathophysiological conditions or injuries relating to both upper extremities, calling into question the accuracy of study results that utilize DASH scores as endpoints.
Certain hand-and wrist-specific questionnaires, such as the Michigan Hand Questionnaire (MHQ), Australian/Canadian Hand Osteoarthritis Index (AUSCAN), and Patient Rated Wrist Evaluation (PRWE), have been compared with the DASH in terms of their ability to discriminate between severities of BJA. 9, 15 In these often cross-sectional comparisons, it has been found that hand-specific questionnaires have similar discriminatory abilities to the DASH with respect to BJA. Given the common usage of the DASH in research outside of BJA, it is not surprising that it thus remains the instrument of choice in BJA literature over these also valid yet less frequently utilized questionnaires. The purpose of this study was to develop and validate a disease-specific questionnaire for BJA to improve accuracy when comparing treatment outcomes. We compared this questionnaire to the DASH and hypothesized that it would be more practical for patients, more sensitive to changes in thumb function and pain, and better correlate with objective and subjective metrics.
Materials and Methods

Instrument Development
The questionnaire, titled the thumb disability examination (TDX), was developed by physicians and researchers at a single institution. The development process consisted of item generation, item reduction, and pilot testing, followed by final item reduction.
Stage I: Item Generation
Disease-specific and global orthopedic outcome scales related to the upper extremity were reviewed and items from these scales related to the thumb were collected. 11, [16] [17] [18] [19] [20] [21] The MHQ, DASH, and AUSCAN were primarily used to gather and conceive items related to tasks commonly hindered by BJA.
The PRWE and McGill Pain questionnaire were used as a reference to generate items that focused on thumb pain. Furthermore, 30 BJA patients presenting with stages I to IV of the Eaton-Littler classification for BJA were interviewed in the clinic and asked to provide a list of activities and movements that were most hindered by their disease, as well as to discuss specific aspects of their thumb with which they were least satisfied. 22 The senior author (M.P.R.) was subsequently consulted and potential items not found in reviewed scales were added based on this input. A total of 125 unique items were generated as a result of this process.
Stage II: Item Reduction
The initial list of items was reviewed by a panel of hand surgeons, hand therapists, and 20 BJA patients not included in the item generation. Surgeons and therapists were asked to remove items they believed to be easily influenced by other disabilities of the hand or wrist, items irrelevant to BJA, items that did not require force applied by the thumb, and items that were too specific to dominant hands. Two items that were initially deemed too specific to the dominant hand were retained to the next stage of development due to panelist's agreement that they were frequently hindered by BJA. BJA patient panelists were then asked to remove items that did not relate to their thumb, items that related to their thumb but were unaffected by their arthritis, and items that were unclear in their description. Members of the panel were then asked to group the remaining items into one out of six domains: function, pain, aesthetics, work performance, social influences, and satisfaction with the affected thumb. All the remaining 45 items fell into the domains of function, pain, and satisfaction. A preliminary questionnaire was then developed by the researchers (P. N., J. L., and M. R.) and reviewed by an epidemiologist experienced in survey creation.
Stage III: Pilot Testing, Final Instrument Production
A pilot testing program distributed the questionnaire to 50 BJA patients presenting with all stages of BJA. When items were left blank, patients were asked to provide a brief explanation of why. From items left blank, those that elicited reasoning of being inapplicable to patients, not performed by the affected hand, or too difficult to understand, were removed. In total, 35 items remained after this removal. Factor analysis was then initiated for a final round of item removal, which resulted in the removal of 15 items that were not isolated to one domain (function, pain, or satisfaction). For instance, analysis of a question assessing difficulty typing on a phone found that the response to this question had feedback that was not consistent with that of other functionality questions. Using this analytical technique ensured that each question was only associated with one domain. The final form of the TDX was composed of 20 questions divided into three sections based on the described domains. The TDX is scored on a scale of 0 to 100, with a higher score indicating a greater degree of disability in the thumb. The scoring rubric for the TDX and the finalized questionnaire can be found in the ►Supplementary Material (available in the online version), respectively.
Instrument Reliability and Validation
Study Design
The validation process and sample sizes were based on the definitions and recommendations of the COSMIN group.
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Over a 2-year period (November 2013-November 2015) the TDX and DASH were administered to 120 patients presenting at one of the two separate hospital-based hand clinics by one of the three research assistants/fellows. The DASH was chosen as a comparator instead of a hand-specific questionnaire because of its higher frequency of use in BJA literature as compared with scales such as the MHQ or AUSCAN.
14 Furthermore, visual analog scale pain with activity (A-VAS) scores, range of motion, and strength measures were collected by a trained research assistant or fellow at the first visit. Inclusion criteria included a presentation with a chief complaint relating to BJA in either hand. The diagnosis was based on clinical information, plain radiographs, and physical tests including: the grind test, the lever test, and the metacarpophalangeal extension test. 24 Exclusion criteria included previous enrollment in a BJA registry coordinated by the two affiliated hospitals, age under 18 years, lack of English fluency, current or history of infection of the basal joint, or current active treatment for BJA with no management change. The study received approval from our institutional review board and was funded in part by the Orthopedic Science and Research Foundation.
Patients were divided into three study groups based upon the treatment. Those patients who were treated conservatively with either a thumb splint, nonsteroidal gels, or any combination of the two were placed into one study group, termed SNSG (splints/nonsteroidal gels). Those given a corticosteroid injection were placed in a second study group, termed IJ. Patients who were scheduled for surgery to treat the symptomatic joint were placed in a third group, termed SG. Treatments were determined by clinical need and not by the study protocol.
Patients in study group IJ were followed up with 6 weeks after injection and asked to fill out the TDX, DASH, and A-VAS scales. Patients in study group SG were followed up between 4 and 6 months after surgery and asked to fill out the TDX, DASH, and A-VAS scales. Any patients who were not seen for follow-up in groups IJ or SG were excluded from longitudinal analysis.
Subjective and Objective Measures
The DASH questionnaire and A-VAS are previously well described and were unmodified for our protocol.
10,25 Grip strength was assessed by instructing patients to fully adduct their elbows, maintain a 90-degree angle between their forearm and upper arm, and actuate a Jamar dynamometer (TEC, Clifton, NJ) on setting II. Tip-pinch strength was assessed with identical arm position and actuation of a Jamar hydraulic pinch gauge with their affected thumb on top and index finger underneath. Each strength measure was conducted three times, and an average strength measure was then calculated.
Demographics
Baseline demographic and clinical characteristics of patients in all groups were analyzed and compared by one-way analysis of variance (ANOVA) testing.
Practicality
To assess the patient burden, the time to complete the TDX at the initial visit was measured in all patients. Completion time of the TDX at subsequent visits and the completion times of other instruments were not measured due to staff shortage.
Floor and Ceiling Effects
TDX floor and ceiling effects were assessed for the total score and for the three sections by calculating the fraction of patients who scored a minimal or maximum score, relative to the total number of patients. A maximal score was considered a score of 90 to 100, while a minimal score was considered a score of 0 to 10. If more than 10% of the participants achieved a maximal or minimal score, then this would be considered a ceiling or floor effect, respectively.
Internal Consistency
Cronbach α was calculated using TDX questionnaires completed by patients at their initial visit. This coefficient is a representation of the extent to which all of the items of a test measure the same latent variable. The value of the coefficient ranges from 0.0 to 1.0, with 1.0 indicating the highest correlation possible. A high reliability (α> 0.95) may indicate the presence of redundant items.
Test-Retest Reliability
The TDX was administered to a group of 20 patients who elected to receive no treatment for their chief complaint of BJA. After 2 weeks of initial administration of the TDX, these patients were then asked to complete the questionnaire a second time. This period of time was considered long enough to avoid potential recall bias, but short enough to avoid progression of arthritis. From these scores, intraclass correlation coefficients (ICC) were calculated for the total score as well as the three sections. ICCs can range from 0.0 to 1.0, with 1.0 indicating the strongest reliability.
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Construct Validity
Construct validity assesses if an instrument behaves expectantly (i.e., greater thumb disability results in a higher TDX score) and was assessed by calculating Pearson correlation coefficients between the TDX total and sectional scores, DASH, A-VAS, grip strength, and tip-pinch strength at baseline. Correlations were calculated collectively and between treatment groups. In the individual analysis of correlation, groups IJ and SG were treated as one to avoid diluting the sample size and limiting statistical analysis. This combined group is labeled as IJ þ SG. Furthermore, correlations between the changes in TDX, DASH, and A-VAS scores from baseline to follow-up for the combined study group IJ þ SG were also calculated. A Pearson coefficient with an r value from 0.0 to 0.25 was defined as poor, 0.26 to 0.50 as moderate, 0.51 to 0.75 as good, and 0.76 to 1.0 as excellent. 26 A negative correlation was defined in an inverse manner.
Responsiveness
TDX and DASH responsiveness were measured using IJ þ SG scores at baseline and at follow-up. These were used to calculate effect size (ES) and standardized response mean (SRM) of the instruments as well as the sectional scores in the TDX. 27 ES is defined as the difference in means between baseline and follow-up divided by the standard deviation (SD) at baseline. SRM is defined as the difference in means between baseline and follow-up divided by the SD of the difference between the scores at these time points. ES and SRM values categorize the magnitude of the difference between instruments' scoring mechanisms and ranges of variation. These are defined as follows: < 0.20 is trivial, 0.21 to 0.50 is small, 0.51 to 0.70 is moderate, and > 0.71 is large. A p value < 0.05 was considered statistically significant.
Results
Demographics
Over 2 years, 80 patients were enrolled in this study. Seven patients were excluded due to a partially completed DASH questionnaire, three due to a partially completed TDX questionnaire, and five due to incomplete follow-up. Thus, 65 patients were included in the analyses, for a total of 68 hands, with 3 patients being actively treated for bilateral BJA. There were a total of 23 males and 42 females, with an average age of 67.3 years. The study group SNSG was composed of 31 patients, IJ was composed of 33 patients, and SG was composed of 4 patients. SG patients were seen for follow-up at an average of 4.9 (SD: 0.9) months after surgery. Total TDX and sectional scores were normally distributed across and within all groups. Descriptive statistics and results of the ANOVA analysis of the differences across groups can be found in ►Table 1. 
Practicality
Floor and Ceiling Effects
For the baseline total TDX scores, as well as the baseline scores of the function and pain sections, less than 10% of patients achieved a maximal or minimal score, meaning that any floor or ceiling effects were negligible. Nine (13.2%) hands (seven patients) achieved a score greater than 90 on the satisfaction section, signifying a ceiling effect in this domain.
Internal Consistency
The total TDX score, as well as its three sections, showed high internal consistency as assessed by Cronbach α, with values ranging from 0.79 for the section related to pain, to 0.93 for both the total TDX score and the section related to function.
Cronbach α values can be found in ►Table 2 for all sections.
Test-Retest Reliability
Test-retest administrations to 20 patients found no statistically significant differences between initial and follow-up total TDX, function, pain, or satisfaction score (p > 0.05). The test-retest correlation coefficients for the total TDX, function, pain, and satisfaction sections were 0.97, 0.92, 0.88, and 0.98, respectively. Abbreviations: A-VAS/R-VAS, visual analog scale for pain with activity/at rest; BJA, basal joint arthritis; DASH, Disabilities of the Arm, Shoulder, and Hand score; IJ, study group of patients receiving injections; SG, surgical study group; SNSG, study group of patients receiving nonsteroidal gel and/or splint; TDX, thumb disability examination score. Note: Values are expressed as mean AE standard deviation unless otherwise indicated. All counts and percentages are related to total number of subjects (n ¼ 65), except for metrics related to the side affected, which are calculated with respect to total number of hands (n ¼ 68). a Statistically significant difference between groups SG and SNSG. b Statistically significant difference between groups IJ and SNSG.
Construct Validity
Pearson correlation coefficients between baseline TDX and sectional scores, DASH, and A-VAS can be found in ►Table 2.
Pearson correlation coefficients between baseline TDX and sectional scores, DASH, grip strength, and tip-pinch strength can be found in ►Table 3. Of note, TDX scores were significantly correlated with DASH and A-VAS scores in all groups. The section that correlated best with the DASH was the pain section (p ¼ 0.66, < 0.01). Total TDX score and pain section scores both correlated the best with A-VAS (p ¼ 0.40, < 0.01). Total TDX score, the functional section score, and DASH significantly correlated with tip-pinch strength overall (p ¼ À 0.29, À0.33, and À0.38, respectively, p < 0.05).
Responsiveness
As seen in ►Table 4, total TDX, TDX sectional, A-VAS, and DASH scores all significantly changed from baseline to followup visit for group IJ þ SG. The total TDX score had a larger ES and SRM compared with the DASH, indicating greater responsiveness to clinical changes in BJA. Both the ES and SRM for the total TDX were rated as large, while those of the DASH as moderate. As seen in ►Table 5, the TDX score was the only instrument that significantly correlated with change in A-VAS (p ¼ 0.63, < 0.01).
Discussion
Development and validation of new quantitative survey instruments have recently accelerated as patients, insurers, and hospitals have broadened their focus on outcome factors to include safety, patient satisfaction, and costs. 1, 28, 29 The health care industry is transitioning to payment for quality, which is measured in part by these instruments. In hand surgery, outcomes traditionally were quantified by metrics such as strength and range of motion. 30 In BJA, outcomes related to function, pain, and overall satisfaction are equally as important. 12, 13 Currently, the DASH is the tool most often used to assess these domains in this patient subset. 10 However, the Abbreviations: DASH, Disabilities of the Arm, Shoulder, and Hand score; IJ þ SG, study group of patients receiving either surgery or corticosteroid injection (n ¼ 37 hands); n, the total number of hands; N/A, not applicable; SNSG, study group of patients receiving nonsteroidal gel and/or splint (n ¼ 31 hands); TDX, thumb disability examination score. Note: Correlations are expressed as Pearson correlation coefficients. Cronbach α is a measure of internal validity. Function, pain, and satisfaction: the three sections of the TDX. a p value < 0.01. b p value < 0.05.
DASH cannot discriminate between changes caused by BJA and other upper-extremity conditions, such as carpal tunnel syndrome. In addition, patients suffering from contralateral hand conditions necessarily confound outcome scores when using the DASH to assess an intervention. Due to frequently occurring comorbid conditions, prior BJA studies have sought to use custom questionnaires to assess outcomes. 31 However,
these instruments are almost never tested or reproduced, making comparisons between studies impossible.
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Though the MHQ is a validated hand-specific questionnaire that was shown to be slightly more responsive than the DASH with respect to BJA, it is composed of 37 items that take an average of 8 to 20 minutes to complete, and thus imposes an even greater burden on patients than the DASH in terms of both item quantity and completion time.
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A previous attempt at developing a BJA-specific questionnaire included a 10-item instrument called the Nelson Score, which was previously evaluated in a small subset (n ¼ 36) of patients undergoing surgery for BJA and demonstrated moderate correlation with pain in the arthritic thumb. 38 Validation studies of the DASH, Boston Carpal Tunnel Questionnaire, and MHQ were comparatively better powered. In addition, no correlation of subjective and objective measures was performed between the DASH and the Nelson Score. Properties of the DASH that are considered limiting, such as administration time, were also not formally assessed in the Nelson Score. Consequently, we sought to develop and validate a new disease-specific outcome questionnaire for BJA through a larger sample study to improve physician's ability to compare treatment outcomes for this frequently treated disease. There are several limitations to this study. First, only the completion time for the TDX was measured in this population. While measuring completion time of the DASH would have allowed for a better comparison of each questionnaire's burden on patients, we believe our comparisons are still valid. Second, when assessing the responsiveness of the TDX and DASH, patients receiving corticosteroid injections for BJA, a treatment not always shown to be effective, were used. Because such injections are not definitively effective, responsiveness in the TDX and DASH may be underestimated in this Abbreviations: A-VAS, visual analog scale for pain with activity; DASH, Disabilities of the Arm, Shoulder, and Hand score; ES, effect size; n, the total number of hands; IJ, study group of patients receiving injections; SG, surgical study group; SRM, standardized response mean; TDX, thumb disability examination score. Note: Correlation of changes in total TDX Score and each of its three sections with changes in A-VAS and DASH from baseline to follow-up visit for patients in groups IJ þ SG. IJ þ SG, study group of patients receiving either surgery or corticosteroid injection (n ¼ 37 hands). Correlations were assessed by Pearson correlation coefficients. Follow-up visits occurred at 6 weeks after injection for patients in group IJ and 3 to 6 months after surgery for patients in group SG. Function, pain, satisfaction: the three sections of the TDX. subgroup. However, we believe both questionnaires' responsiveness would be affected in similar manners, and thus a comparison of ES and SRM between the questionnaires likely remains valid analysis. Finally, no comparisons were made to other questionnaires specific to the hand and wrist. This was not done due to anticipated questionnaire burden on patients, and due to the DASH being used much more frequently in BJA literature than questionnaires such as the MHQ, PRWE, or AUSCAN, despite some evidence showing that in certain settings these questionnaires may be more responsive than the DASH.
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Logistically, the TDX required a mean completion time of 134 seconds at the initial clinic visit. The DASH was previously found to have an average completion time of 7 minutes, a much longer time in comparison. 39 The reduced completion time of the TDX directly translates to a reduced questionnaire burden on patients, and in future research, could lead to lower patient exclusions due to incomplete questionnaires. Our results also show that the TDX is a highly reliable instrument, with an overall test-retest correlation coefficient of 0.97, and each of the sections' correlation coefficients ranging from 0.88 to 0.98. Internal consistency of the entire instrument measured high with a Cronbach α value of 0.93, while the sectional scores ranged from 0.79 to 0.93. These α values indicate excellent internal consistency for items in each section and the TDX overall, and likely a lack of redundancy as well.
At baseline, the overall TDX and DASH demonstrated "good" correlation; a desirable result since higher correlation may indicate little added value to metrics assessed by the DASH. Though correlation with A-VAS was significant with both instruments, the overall TDX, and its pain section demonstrated stronger correlation with A-VAS. This correlative strength can be of great utility given that pain is an important impetus for treatment of BJA and can singularly define therapeutic success for many patients. The results regarding strength measures are interesting yet have been seen elsewhere: in prior BJA treatment studies, it is often the case that those studies that combine pain and strength measures often find conflicting results. 40, 41 Though exceptions exist, patients generally seek relief of pain over restoration of strength when undergoing treatment for BJA, and thus pain relief is cited as proof of a favorable outcome. In patients receiving injections or surgical management, the TDX had a greater ES and SRM compared with the DASH, indicating a higher level of responsiveness to treatment. The overall TDX score change after treatment demonstrated statistically significant correlation with A-VAS score changes, unlike the DASH. Given that pain is an outcome of primary concern to patients, these results are encouraging with respect to the value of the TDX.
This study demonstrates the validation of the TDX and that it imposes less burden on patients, is more responsive to changes in BJA-related symptoms, and correlates better with most objective and subjective metrics relevant to BJA when compared with the DASH. In research seeking to compare treatment outcomes for this common condition, use of the TDX should be considered to provide more detailed and comparable results. Future research will compare the use of the TDX to that of widely accepted and studied general health surveys such as the 36-Item Short Form Health Survey, as well hand-specific questionnaires, to further illustrate its psychometric properties and advantages over potentially burdensome or nondisease-specific instruments. Given the increasing importance of patient-reported outcome measures, instruments such as this are vital to ensure surgeons maintain an integral role in defining clinical excellence.
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